**Core tip:** Abnormal expression of microRNAs (miRNAs) may lead to an abnormal physiological state and disease, such as, kinds of cancers. We detect the levels of miR-375, miR-122, miR-143 and miR-224. By combination of the miRNA panels, the area under the curves of the receiver-operating-characteristic curve was 0.991. In addition, the four miRNAs (miR-375, miR-122, miR-143 and miR-224) may be helpful for early detection and prognosis of hepatocellular carcinoma.

INTRODUCTION
============

Hepatitis B virus (HBV) is known as the smallest double-stranded DNA virus that infects humans, and HBV infection has become a global problem. The World Health Organization reported that an estimated 257 million people are living with HBV infection, defined as hepatitis B surface (HBsAg) antigen positivity, and it resulted in 887000 deaths in 2015, mostly from complications \[including cirrhosis and hepatocellular carcinoma (HCC)\]\[[@B1]\]. Despite the availability of effective vaccines, the virus causes approximately 780000 deaths every year. It is estimated that approximately 15% to 30% of HBV carriers have a risk of developing cirrhosis\[[@B2]\]. For diagnosis of hepatitis B, the incubation period is long, and the disease cannot be diagnosed in the incubation period, which is from the invasion of the hepatitis virus to the initial clinical symptoms and can last 75 d on average but can vary from 30 to 180 d\[[@B1]\]. HBsAg, which is the main marker of HBV infection, can be detected in serum 2 to 6 wk before alanine aminotransferase elevation. DNA detection of HBV is sensitive to low-level HBV virus in vivo by amplifying viral nucleic acid. This assay is commonly used to assess viral replication, indicating HBV replication and contagiousness.

MicroRNAs (miRNAs) are a class of noncoding single-stranded RNA molecules of approximately 22 nt in size. They regulate the expression of the mRNA and protein of other genes by binding to target mRNAs to participate in various physiological processes, such as growth and development, inflammation, tumors and physiological and pathological processes\[[@B3]-[@B8]\]. Abnormal expression of miRNAs may lead to an abnormal physiological state and disease. In many cancers, the expression levels of miRNAs will change significantly, which may affect proto-oncogenes and tumor suppressor genes\[[@B9]-[@B12]\]. In HCC, abnormal expression of multiple miRNAs has been shown to be involved in the malignant biological behavior of liver cancer\[[@B13]-[@B17]\]. The vast majority of liver cancer cases in China are closely related to HBV infection, but there are few studies on the changes of miRNA expression in the progression from HBV infection to hepatoma.

In this study, TaqMan Low Density Array (TLDA) and real time quantitative polymerase chain reaction (RT-qPCR) were used to characterize the profile of miRNAs in chronic hepatitis B, HCC and normal control tissues to explore the role of miRNAs in the development of chronic hepatitis B to liver cancer.

MATERIALS AND METHODS
=====================

Samples
-------

Liver tissues from patients undergoing liver cancer resection or liver biopsy from July 2011 to January 2013 were collected, including 40 HBV cirrhosis, 40 normal, and 15 HCC tissues. HBsAg and/or HBV-DNA positivity for more than 6 months was considered to be chronic HBV infection, while the normal liver tissue was from the determination of no liver disease during the past and during hospitalization. All samples had no other basic liver disease and were confirmed by pathology. After the tissue was placed in liquid nitrogen for the first time, it was stored at -80 °C for later use.

The patients were followed up for 5 years, and their overall survival was recorded. For patients who survived 5 years later, their overall survival time was considered to be 5 years. All subjects had signed informed consent, and the study was approved by the Ethics Committee of Beijing Cancer Hospital.

RNA isolation
-------------

Total RNA from 5 μg of normal liver and HBV cirrhosis samples was extracted according to the steps of the TRIzol reagent manual. The absorbance values of A260 and A280 of total RNA were determined by a UV spectrophotometer to calculate the concentration of RNA. The A260 value was used to detect the purity of RNA, and the value of A260/A280 was calculated to further test the quality of total RNA.

TLDA
----

The TLDA (TaqMan Array Human MicroRNA A+B Cards Set v3.0, Life Technologies) was used to profile the 754 different human miRNAs described in previous literature\[[@B18]\]. To increase the sensitivity of the TLDA, we performed a pre-amplification using the QuantStudio 7 Flex RT-PCR System (Applied Biosystems)\[[@B19]\]. The threshold cycle (Cq) values showed the concentrations of miRNAs, which were normalized to an internal control. The fold changes of miRNA expression were calculated by the equation 2-ΔΔCq.

Individual RT-qPCR assays
-------------------------

According to the manufacturer's instructions (QuantStudio 7 Flex RT PCR System; Applied Biosystems) with slight modifications, hydrolysis probe--based qRT-PCR was performed. Reverse transcription was carried out as previously described\[[@B18]\]. All experiments were carried out in triplicate. An endogenous control, the combination of let-7d, let-7g and let-7i (let-7d/g/i) in this experiment, is important for normalizing qRT-PCR data\[[@B18],[@B20]\]. Relative levels of miRNAs were normalized to let-7d/g/i and were calculated using the 2^-ΔΔCq^ method\[[@B18],[@B21]\].

Statistical analysis
--------------------

Statistical analyses were performed with the Statistical Analysis System software SPSS 16.0, and data are presented as the mean ± SE for miRNAs or mean ± SD for other variables. With Student's *t*-test and two-sided *χ*^2^ test, we compared the differences between the two groups, and the *P* value must be \< 0.05, which will be considered statistically significant. The receiver operating characteristic (ROC) curves and the area under the ROC curves (AUC) were calculated to evaluate the predictive power of the selected miRNAs. Furthermore, risk score analysis was performed to evaluate the associations between miRNAs and HBV cirrhosis as previously described\[[@B20],[@B22]\]. To indicate miRNAs' contribution to the risk score function, the regression coefficient was used for the risk score as the weight\[[@B23],[@B24]\]. Samples were divided into a high-risk group, predicting HBV cases, and a low-risk group, predicting control individuals, according to their risk score function, and then, we found the appropriate cutoff point. Analysis of patient survival was performed by Kaplan-Meier analysis.

RESULTS
=======

Expression profile of miRNAs in liver tissue by TLDA
----------------------------------------------------

A multiphase case control study was designed to investigate the differences in miRNA expression profiles between normal liver and HBV cirrhosis (Figure [1](#F1){ref-type="fig"}, Table [1](#T1){ref-type="table"}). Using TLDA, we analyzed miRNA expression in three random pairs of samples of normal liver and HBV cirrhosis. The Cq values of the miRNAs were all \< 25, and the concentrations of the miRNAs all showed \> 2-fold differences between normal liver and HBV cirrhosis, which was defined as differential expression. Nine miRNAs, including miR-125b, miR-602, miR-210, miR-224, miR-129, miR-99a, miR-141, miR-342 and miR-145, were upregulated, while 14 miRNAs, including miR-122, miR-143, miR-199a, miR-375, miR-27a, miR-34b, miR-130a, miR-625, miR-142, miR-193a, miR-140, miR-100, miR-342 and miR-29c, were downregulated among the 754 miRNAs in HBV cirrhosis patients compared to normal liver tissue.

###### 

Clinical features of the hepatitis B virus cirrhosis and normal controls, *n* (%)

  **Variables**         **HBV cirrhosis (*n* = 40)**   **Normal controls (*n* = 40)**   ***P* value**
  --------------------- ------------------------------ -------------------------------- ---------------------------------------
  Average age (yr)      42.38 ± 8.93                   44.58 ± 11.79                    0.356[1](#T1FN1){ref-type="table-fn"}
  Sex                                                                                   0.133[2](#T1FN2){ref-type="table-fn"}
  Male                  26 (65.0)                      32 (80.0)                        
  Female                14 (35.0)                      8 (20.0)                         
  Alcohol consumption                                                                   0.056[2](#T1FN2){ref-type="table-fn"}
  Ever or current       31 (77.5)                      23 (57.5)                        
  Never                 9 (22.5)                       17 (42.5)                        

Student-*t* test.

Two-sided *χ*^2^ test. HBV: Hepatitis B virus.

![A flow chart of the experimental design. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; RT-qPCR: Real time quantitative polymerase chain reaction.](WJGO-12-383-g001){#F1}

Expression of miRNAs by RT-qPCR analysis
----------------------------------------

To verify the accuracy of differentially expressed miRNAs in the above TLDA results, we performed RT-qPCR analysis at the individual sample level.

In the training set, miRNAs were measured in a separate set of individual tissue samples from 25 HBV cirrhosis patients and 25 normal liver controls, and only miRNAs with a mean change of 2-fold and a *P* value of 0.001 were selected for further analysis. We used these criteria to generate a list of 4 miRNAs (miR-224, miR-375, miR-122 and miR-143), which showed significantly different miRNA patterns between HBV cirrhosis patients and normal controls.

Furthermore, RT-qPCR was performed to verify the expression of the 4 miRNAs chosen above with another 15 HBV cirrhosis patients and 15 normal liver controls. The results showed that miR-224 was increased, while miR-375, miR-122 and miR-143 were significantly decreased in the tissues of HBV cirrhosis patients compared with the controls (at least *P* \< 0.005), which was the same as the former cohort (Table [2](#T2){ref-type="table"}, Figure [2A](#F2){ref-type="fig"}-[D](#F2){ref-type="fig"}).

###### 

The relative concentration of miRNAs in hepatitis B virus cirrhosis samples and control samples^1^ (*n* = 40)

  **miRNA**   **HBV cirrhosis**   **Normal control**   **Fold change[2](#T2FN1){ref-type="table-fn"}**   ***P* value**
  ----------- ------------------- -------------------- ------------------------------------------------- ---------------
  miR-224     14.85               6.67                 2.23                                              \< 0.0001
  miR-122     38.87               81.44                0.48                                              \< 0.0001
  miR-375     24.75               52.53                0.47                                              \< 0.0001
  miR-143     7.32                15.10                0.48                                              \< 0.0001

^1^miRNA concentrations are presented as the mean (SE).

Hepatitis B virus cirrhosis/normal control. HBV: Hepatitis B virus.

![The relative concentration of the selected four miRNAs in the tissue from hepatitis B virus cirrhosis patients and normal controls. A: miR-224; B: miR-122; C: miR-375; D: miR-143. ^c^*P* \< 0.001.](WJGO-12-383-g002){#F2}

Diagnostic ability of the selected miRNAs
-----------------------------------------

Subsequently, to evaluate the ability of the selected four tissue miRNAs to distinguish HBV cirrhosis from normal controls, we performed ROC curve analysis for each miRNA. For 40 cases of HBV cirrhosis and 40 normal control tissue samples, the AUC values of miR-224, miR-375, miR-122 and miR-143 were 0.938, 0.932, 0.923 and 0.915, respectively (Figure [3A](#F3){ref-type="fig"}-[D](#F3){ref-type="fig"}). To further assess the diagnostic value of miRNAs in distinguishing between HBV cirrhosis and normal controls, we performed a risk score analysis of the dataset and used this risk scoring method to predict HBV cirrhosis and normal controls. The results showed that the best cutoff value (in this cutoff value, sensitivity + specificity is the largest) was 2.016, and 6 normal controls showed a risk score \> 2.016, while 37 of the 40 HBV cirrhosis patients exhibited a risk score \> 2.016 (Table [3](#T3){ref-type="table"}). Furthermore, we integrated the 4-miRNA signature into a single biomarker using the risk score functions and evaluated the diagnostic accuracy of the miRNA signatures as HBV cirrhosis fingerprints. As expected, we obtained an AUC value of 0.991 (95%CI: 0.974-1) by combining miR-224, miR-375, miR-122 and miR-143 to differentiate HBV cirrhosis patients from healthy controls (Figure [3E](#F3){ref-type="fig"}).

###### 

Risk score analysis of hepatitis B virus cirrhosis patients and normal controls

  **Score**                   **0-2.016**   **\> 20.16**   **PPV**   **NPV**
  --------------------------- ------------- -------------- --------- ---------
  Normal subject (*n* = 40)   34            6                        0.92
  HBV cirrhosis (*n* = 40)    3             37             0.86      
  Total                       37            43                       

PPV: Positive predictive value; NPV: Negative predictive value; HBV: Hepatitis B virus.

![Sensitivity and specificity of the four-miRNA and their panel. A: Receiver operating characteristic (ROC) curve of miR-224; B: ROC curve of miR-122; C: ROC curve of miR-375; D: ROC curve of miR-143; E: ROC curve of 4 miR-Panel. ROC: Receiver operating characteristic curves; AUC: Area under curves; HBV: Hepatitis B virus.](WJGO-12-383-g003){#F3}

Relationship between miRNA and overall survival of HBV cirrhosis patients
-------------------------------------------------------------------------

After statistical analysis of the follow-up of these 40 HBV cirrhosis patients, the overall survival of patients with different expression levels of the 4 miRNAs was determined and is shown in Table [4](#T4){ref-type="table"}. Log rank analysis showed that patients with a lower expression level of miR-224 and higher expression levels of miR-375, miR-122 and miR-143 had longer overall survival (Figure [4](#F4){ref-type="fig"}) than those with the opposite expression pattern (*P* \< 0.01). According to Cox analysis, miR-224, miR-375, miR-122 and miR-143 are important factors affecting overall survival.

###### 

The overall survival of patients with different expression level (mo)

                      **miR-224**     **miR-122**     **miR-375**     **miR-143**
  ------------------- --------------- --------------- --------------- ---------------
  Higher expression   34.45 ± 13.09   42.19 ± 12.98   40.75 ± 14.12   39.38 ± 15.08
  Lower expression    41.72 ± 13.42   34.75 ± 13.39   34.70 ± 12.60   35.89 ± 11.77

![Kaplan-Meier curve of relationship between the expression of 4 miRNAs and overall survival of hepatitis B virus cirrhosis. A: Survival of miR-224; B: Survival of miR-122; C: Survival of miR-375; D: Survival of miR-143.](WJGO-12-383-g004){#F4}

DISCUSSION
==========

In this study, we used TLDA and RT-qPCR validation to systematically detect miRNA expression in HBV cirrhosis and found a new miR-panel (miR-224, miR-375, miR-122 and miR-143) that can effectively distinguish HBV cirrhosis patients from controls. Furthermore, we examined the expression of the 4 miRNAs in the tumor tissues of patients with HCC and found that the results were consistent with those in HBV cirrhosis. Compared with normal controls, in the tissue/serum of patients with HBV cirrhosis, miR-375, miR-92a, miR-10a, miR-223, miR-423, miR-23b/a, miR-342-3p, miR-150, let-7c, miR-99a, miR-125b, miR-22, miR-720, miR-1275, miR-486-3p, miR-1908, miR-675, and miR-1231 were significantly upregulated\[[@B25]-[@B29]\]. However, this 4-miRNA combination in our study has not been reported, and the combination has a high ROC curve AUC of 0.991, suggesting a strong ability to distinguish HBV cirrhosis from normal controls.

Simultaneously, we analyzed the relationship of each miRNA with overall survival and found that patients with lower abnormal miRNA expression will have a longer overall survival. MiR-224 can offset the effects on the reduction of tumor growth and cell proliferation of glycine N-methyltransferase (GNMT) by targeting GNMT, which is a tumor suppressor for HCC\[[@B30]\]. The receptor tyrosine-protein kinase erbB-2, a direct target gene of miR-375, was associated with human liver cancer growth, and the upregulation of miR-375 can inhibit human liver cancer cell growth by regulating its cell apoptosis\[[@B31]\]. The overexpression of GATA-binding factor 6, which is a downstream target of miR-143 in HCC, significantly increased cell proliferation and invasion rates in HCC, suggesting that miR-143 may suppress the malignancy of HCC by targeting GATA-binding factor 6\[[@B32]\]. Liver-specific miR-122, which is essential for metabolic homeostasis, suppresses glucose-6-phosphate-dehydrogenase (G6PD) expression by directly interacting with its 3\'UTR to achieve its anti-HCC efficacy. G6PD is the rate-limiting enzyme of the pentose phosphate pathway, which is often activated in human malignancies to generate precursors for nucleotide and lipid synthesis\[[@B33]\]. MiR-122 overexpression inhibited the epithelial-mesenchymal transition by targeting Snail1 and Snail2 and regulated their expression levels to inhibit cell proliferation, colony formation and cell invasion in HCC cells\[[@B34]\]. In summary, the high expression of miRNA-224 and low expression of miR-375, miR-122, and miR143 in HBV cirrhosis tissue may promote the development of liver cirrhosis to liver cancer. This may be the reason that smaller miRNA expression differences result in longer survival.

When performing RT-qPCR, it is critical to use a stably expressed gene as an internal standard for standardization. To date, no consensus has been established for endogenous controls in the study of circulating miRNAs. There are many different internal controls, such as RNU6B, RNU44, RNU48 and miR-16\[[@B35],[@B36]\], and as expected, the results are not the same. In this study, we chose the combination of let-7d, let-7g and let-7i as an internal reference, which is statistically superior and can better correct experimental changes\[[@B20]\]. In addition, some other levels detection method also have been combined with miRNA, such as, CRISPER/Cas 9 system\[[@B37],[@B38]\], DNA methylation\[[@B39]\], proteomics\[[@B40]\], and metabolics, to involve the development of HCC.

Overall, we found a new miRNA group (miR-122, miR-375, miR-224 and miR-143) for the initial diagnosis of HBV cirrhosis and HBV infection, and compared with normal controls, patients with HBV cirrhosis had high expression of miR-224 and low expression of miR-375, miR-122 and miR-143. In addition, miR-224 low expression/miR-375, miR-122 and miR-143 high expression patients had a longer overall survival. In short, we identified four miRNAs as potential biomarkers for early diagnosis of HBV infection, HBV cirrhosis, and prediction of its overall survival.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

The vast majority of liver cancer cases in China are closely related to hepatitis B virus (HBV) infection, but there are few studies on the changes of microRNAs (miRNA) expression in the progression from HBV infection to hepatoma.

Research motivation
-------------------

In this study, TaqMan Low Density Array and real time quantitative polymerase chain reaction were used to characterize the profile of miRNAs in chronic hepatitis B, HCC and normal control tissues.

Research objectives
-------------------

This study aimed to explore the role of miRNAs in the progression of HBV infection to cirrhosis and even to liver cancer.

Research methods
----------------

The authors screened differentially expressed miRNAs in 40 HBV cirrhosis, 40 normal and 15 HCC tissues. Authors calculated the area under the receiver-operating-characteristic curves.

Research results
----------------

The levels of miR-375, miR-122 and miR-143 were significantly lower in HBV cirrhosis tissues, while miR-224 was significantly higher than in the controls. The area under the curves of the receiver-operating-characteristic curve for the 4-miRNA panel was 0.991. Patients with a lower expression level of miR-224 or higher expression levels of miR-375, miR-122 and miR-143 had longer overall survival.

Research conclusions
--------------------

The miR-375, miR-122, miR-143 and miR-224 may be helpful for early diagnosis of HBV infection, HBV cirrhosis, and prediction of its overall survival.
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